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(57) ABSTRACT 

An organic electro luminescent display with auxiliary layers 
on a cathode contact and an encapsulating junction region to 
easily remove polymer organic layers of the junction. The 
organic electro luminescent display has the first electrode 
formed on a lower insulating Substrate, a pixel defining layer 
formed to make some portions of the first electrode opened 
over the entire surface of the lower insulating substrate, an 
organic emission layer formed on an opening of the first 
electrode, the second electrode formed on the organic emis 
sion layer, an upper Substrate for encapsulating the first elec 
trode, the organic emission layer and the second electrode, 
and auxiliary layers formed on the cathode contact and the 
encapsulating junction region of the lower insulating Sub 
Strate. 
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FIG. 1 
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FIG. 4A 
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FIG. 4C 
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FIG. 5 
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FIG 11 
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FIG. 13 
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FIG. 14B 
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ORGANICELECTROLUMNESCENT 
DISPLAY AND METHOD FOR FABRICATING 

THE SAME 

CLAIM OF PRIORITY 

0001. This application claims priority to an application 
entitled ORGANIC ELECTRO LUMINESCENCE DIS 
PLAY AND METHOD FOR FABRICATING THE SAME, 
filed in the Korean Intellectual Property Office on 10 Jun. 
2003 and assigned Ser. No. 2003-37244, and filed on 23 Jun. 
2003 and assigned Ser. No. 2003-40808, and filed on 2 Sep. 
2003 and assigned Ser. No. 2003-61163, the contents of 
which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The invention relates to an organic electro lumines 
cent display and a method for fabricating the same and, more 
particularly, to an organic electro luminescent display having 
an auxiliary layer encapsulatingjunction region and a method 
for fabricating the same. 
0004 2. Description of the Related Art 
0005 Generally, an organic electro luminescent display is 
an emissive display capable of emitting light by electrically 
exciting a fluorescent or phosphorescent organic compound, 
and phosphorescent organic compound can be driven by a low 
Voltage and has a thin form-factor, a wide viewing angle and 
a fast response speed, so that the electro luminescent display 
can solve problems that have been found in liquid crystal 
displays. Therefore, the electro luminescent display has 
attracted attention as a next-generation display. 
0006 Such an organic electro luminescent display has a 
structure that has an organic light emitting diode (OLED) 
including an organic layer having at least emission layer 
(EML), an anode, and a cathode, wherein the organic layer 
having a predetermined pattern is formed on a glass or other 
transparent insulating Substrate, and the anode and cathode 
electrodes are formed on upper and lower portions of the 
organic layer for applying a driving Voltage to the organic 
layer. The organic layer consists of organic compounds. 
0007. In the organic electro luminescent display having 
the above-mentioned basic structure, as an anode electrode 
and a cathode electrode Voltages are applied to the electrodes, 
holes injected from the electrode that have been applied with 
the anode electrode Voltage are transported to the emission 
layer (EML) through a hole transporting layer (HTL), and 
electrons are injected from the electrode that have been 
applied with the cathode electrode voltage are transported to 
the emission layer (EML) through an electron transporting 
layer (ETL). The electrons and holes are then recombined in 
the emission layer(EML) to create excitons, and the exitons 
are then changed from an exciting state to a ground state, 
thereby emitting an organic Substance of the emission layer 
(EML) and embodying a required image. 
0008. In the above-mentioned organic electro luminescent 
display, when a polymer material is used for the organic layer, 
the organic layer is generally formed on a substrate by spin 
coating. However, when the organic layer is formed by the 
spin coating, the organic layer is also formed in regions other 
than the pixel portion. Thus, the organic layer of the encap 
Sulating junction region needs to be removed to encapsulate 
an inner structure of the organic electro luminescent display. 
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0009. In a prior art, a cleaning process using an organic 
solvent was performed to remove the organic layer of the 
encapsulating junction region, however, the process has a 
significantly low accuracy and the organic solvent often pen 
etrates into the pixel portion, so that there is a high possibility 
of damaging the pixel portion. 
0010. To solve the above-mentioned problems, a method 
using a laser is disclosed to remove a foreign Substance 
including organic emissive materials off a Substrate. Accord 
ing to a Korean laid-open Patent Application No. 2000 
003.6020, a method for removing the foreign substance using 
the laser is disclosed. This method removes organic or inor 
ganic foreign Substances on the Substrate by directly irradi 
ating the ultraviolet laser on the surface of the substrate. 
0011. In the case of the substrate of the prior art, a metal 
wiring and a passivation layer are usually deposited on a glass 
Substrate in the encapsulating junction region. However, the 
laser energy absorption rate of the passivation layer is Small 
so that the organic layer is not easily removed by using a laser. 

SUMMARY OF THE INVENTION 

0012. It is therefore an object of the present invention to 
provide for an improved design for an electro luminescent 
display. 
0013. It is also an object of the present invention to provide 
for a novel method for making an electro luminescent display. 
0014. It is further an object of the present invention to 
provide for a novel structure of an electro luminescent display 
that allows for easier selective removal of an organic emissive 
layer using a laser. 
0015. It is yet another object of the present invention to 
provide a novel method of making an electro luminescent 
display that more efficiently selectively removes unwanted 
materials using a laser without destroying other portions of 
the electro luminescent display. 
0016. It is further an object of the present invention to 
provide a novel structure for an electro luminescent display 
that allows for sealant to be efficiently cured by ultraviolet 
light while preventing other parts of the electro luminescent 
display from being harmed by the curing ultraviolet light. 
0017. It is further an object of the present invention to 
provide a novel method for making an electro luminescent 
display that allows for sealant between the substrates and 
between the electrodes to be efficiently sealed by ultraviolet 
light where other portions of the display are not harmed by 
exposure to the curing ultraviolet light. 
0018. These and other objects can be achieved by an 
organic electro luminescent display, which has the first elec 
trode formed on a lower insulating Substrate, a pixel defining 
layer formed to make some portions of the anode electrode 
opened over the entire surface of the lower insulating sub 
strate, an organic layer formed on an opening of the anode 
electrode, the second electrode formed on the organic layer, 
an upper Substrate for encapsulating the anode electrode, the 
organic layer and the cathode electrode, and auxiliary layers 
formed on a cathode contact and an encapsulating junction 
region of the lower insulating Substrate. The organic layer is 
deposited over the first electrode and the auxiliary layers. The 
organic layer is selectively removed by laser from the auxil 
iary layers. The material for the auxiliary layers are carefully 
chosen so that the organic layers can be removed from the 
auxiliary layers with relatively little amount of laser light. 
0019. The present invention also includes a method for 
making the electro luminescent display having the auxiliary 
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layers and the application of laser light to remove the organic 
layers off the auxiliary layers via laser ablation. 
0020. The invention separately provides a novel structure 
for an organic electro luminescent display. The novel display 
is made up of upper and lower Substrates bounded to each 
other by an ultraviolet light curable sealant. The sealant is 
placed around the pixel region in an encapsulation region. A 
reflecting plate is placed adjacent to the sealant. The reflect 
ing plate is used to reflect the ultraviolet light so that less light 
is needed to cure the sealant. Less light or more efficient use 
of the ultraviolet light means that the other parts of the electro 
luminescent display are not degraded or damaged due to 
exposure to an excessive amount of ultra violet light. The 
sealant and the reflecting plate can be used in either active or 
passive matrix pixel structures. In place of the reflecting plate, 
a waveguide can be used adjacent to the sealant. 
0021. The present invention also pertains to a method of 
making the above structure for an electro luminescent display 
including the application of the reflective plate and/or 
waveguide and the ultraviolet curing step. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. A more complete appreciation of the invention, and 
many of the attendant advantages thereof, will be readily 
apparent as the same becomes better understood by reference 
to the following detailed description when considered in con 
junction with the accompanying drawings in which like ref 
erence symbols indicate the same or similar components, 
wherein: 

0023 FIG. 1 is a graph illustrating empirically a relation 
ship between application of laser energy versus removal of an 
organic layer absent the use of auxiliary layers under the 
organic layer; 
0024 FIG. 2 is a plane view for explaining an organic 
electro luminescent display; 
0025 FIG. 3 is a plane view showing an organic electro 
luminescent display according to the first three embodiments 
of the present invention; 
0026 FIGS. 4A to 4D are cross-sectional views illustrat 
ing the process of making the display of FIG.3 according to 
a first embodiment of the present invention; 
0027 FIG. 5 is a graph illustrating empirically a relation 
ship between application of laser energy versus removal of an 
organic layer when the organic layer is formed over the aux 
iliary layers according to the present invention; 
0028 FIG. 6A is an exploded perspective view showing an 
organic electro luminescent display according to a fourth 
embodiment of the invention; 
0029 FIG. 6B is a cross-sectional view of the display of 
FIG. 6A taken along the I-I"; 
0030 FIG. 7 is a view illustrating both a pixel region for an 
active matrix pixel and an encapsulating junction region 
according to the fourth embodiment of the invention; 
0031 FIG. 8 is a cross sectional view of the encapsulation 
junction region according to the fourth embodiment of the 
present invention where a reflection plate is on an inside side 
of the lower insulating substrate; 
0032 FIGS. 9 and 10 are plane views for explaining an 
arrangement of a reflection plate vis-a-vis the sealant and the 
pixel region according to the fourth embodiment of the 
present invention; 
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0033 FIG. 11 illustrates a cross section of an encapsula 
tion junction region according to a fifth embodiment of the 
present invention where the reflection plate is on an inside 
side of the upper substrate; 
0034 FIG. 12 illustrates a cross section of an encapsula 
tion junction region according to a sixth embodiment of the 
present invention where the reflection plate is on an outside 
side of the lower insulating substrate; 
0035 FIG. 13 illustrates a cross section of an encapsula 
tionjunction region according to a seventh embodiment of the 
present invention where the reflection plate is on an outside 
side of the upper substrate; 
0036 FIGS. 14A and 14B illustrate a cross section of an 
encapsulationjunction region according to an eighth embodi 
ment of the present invention where a wave guide is located 
on an inside side of the lower insulating Substrate; 
0037 FIGS. 15A and 15B illustrate a cross section of an 
encapsulation junction region according to a ninth embodi 
ment of the present invention where a wave guide is located 
on an inside side of the upper Substrate; and 
0038 FIGS. 16A and 16B illustrate a cross section of an 
encapsulation junction region according to a tenth embodi 
ment of the present invention where there are two waveguides 
present, one on an inner Surface of the upper Substrate and 
another on the inner Surface of the lower insulating Substrate. 

DETAILED DESCRIPTION OF THE INVENTION 

0039 Turning now to FIG. 1, FIG. 1 illustrates empirical 
results for thickness of removed foreign substance based on 
number of laser pulses applied and the energy of each pulse. 
As illustrated in FIG. 1, as the number of laser pulses 
increases, the amount or thickness of removed foreign Sub 
stances does not increase in a linear fashion with the number 
of laser pulses applied. For example, as the thickness of the 
remaining organic layers becomes thinner, the removal rate 
per additional laser pulse decreases, so that a significant 
amount of energy and a large number of laser pulses are 
required to completely remove the residual Substances. 
Because a large number of laser pulses at a high energy per 
pulse is needed to completely remove the foreign Substance, 
the laser may cause damage to the Substrate in the foreign 
Substance removal process. 
0040. In addition to the removal of foreign substances by 
a laser, in the organic electro luminescent display of the prior 
art, a sealant is used to join the Substrates together. An upper 
Substrate is bound to a lower insulating Substrate via this 
sealant. The Sealant also serves to encapsulate organic electro 
luminescent elements and plays a role in determining a life 
time, efficiency, etc. of the organic electro luminescent ele 
mentS. 

0041. The organic electro luminescent element mainly is 
divided into an inner pixel portion that actually emits light 
and a pad portion for connecting an external driving IC for 
driving the pixel portion, wherein the driving portion and the 
pad portion are connected by a wiring made of opaque metals 
to minimize resistance. In this case, an encapsulating process 
using a sealant is performed to prevent moisture and air from 
an outside of a display from coming into contact with and 
destroying the organic electro luminescent element. The seal 
ant is ordinarily cured by exposure to light, especially ultra 
violet light. However, when the lower insulating substrate is 
attached to and encapsulated by the upper Substrate using the 
ultraviolet cured sealant, it takes more time to cure the sealant 
using the ultraviolet light. Because an immense amount of 
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ultraviolet light is needed to cure the sealant, the ultraviolet 
light can damage other portions of the display, either by 
heating parts up or causing an unwanted chemical reaction in 
the display. If the amount of ultraviolet light used to cure the 
sealant is reduced to prevent the damage to other parts of the 
display, the sealant will not be fully cured because the sealant 
has not received adequate exposure to the ultraviolet light to 
fully cure. 
0042 Turning now to FIG. 2, FIG. 2 illustrates an organic 
electro luminescent display of the prior art (FIG. 5 of Korean 
laid-open Patent Application No. 2000-003.6020). The pro 
cess used to form the display of FIG. 2 will now be described. 
A plurality of first electrodes 3 made of optically transmissive 
materials are formed in an arbitrary pattern, such as a stripe 
pattern, over one Surface of a lower insulating Substrate 1. 
Lower insulating Substrate 1 is made out of a material that is 
both electrically insulating and optically transmissive. An 
insulating layer 5 is formed on the first electrodes 3, and a 
plurality of second electrodes 7 are formed on insulating layer 
5 in a stripe pattern to a direction orthogonal to the first 
electrodes 3. 
0043. In this case, pixel portions of the organic electro 
luminescent display are where the first electrodes 3 and the 
second electrodes 7 are cross each other. Where second elec 
trodes 7 and first electrodes 3 cross each other, the insulating 
layer 5 in these crossed regions is not present. Instead, a thin 
organic layers disposed in these cross over regions. The 
organic emissive material (not illustrated in FIG. 2) is also in 
electrical contact with both the first electrodes 3 and the 
second electrodes 7 in the cross over areas. 
0044. In this case, an upper substrate 9 (illustrated as a 
dotted line in FIG. 2) is disposed over a lower substrate 1, and 
the lower substrate 1 and the upper substrate 9 are bound to 
each other by a sealant that is not illustrated in FIG. 2, so that 
the organic electro luminescent display of FIG. 2 is formed. 
0045. According to the above-mentioned structure of FIG. 
2, some portions of the first electrodes 3 and the second 
electrodes 7 are exposed outside the substrates 1 and 9 so that 
electrodes 3 and 7 can be electrically connected to circuit 
driving elements, for example FPC (Flexible Printed Circuit, 
11). Circuit 11 is electrically connects external equipment to 
the organic electro luminescent display by thermal compres 
Sion, etc. 
0046) However, in the organic electro luminescent display 
having the above-mentioned structure, the process of apply 
ing and curing the sealant is not properly performed when the 
lower substrate 1 and the upper substrate 9 are sealed 
together, thereby decreasing the lifetime and reliability of the 
product. In the typical prior art, a sealing material is applied 
along the periphery of the lower substrate 1 as described 
above and the upper substrate 9 is mounted thereon, and 
ultraviolet rays are irradiated from the rear surface of the 
lower Substrate 1 and the sealing material is cured, so that the 
lower substrate 1 and the upper substrate 9 are bonded 
together. 
0047. When the ultraviolet rays irradiate the sealing mate 

rial disposed in a portion of the display that is exposed outside 
the first and second electrodes 3 and 7 on the substrates 1 and 
9 (i.e., the lower and right sides of FIG. 2), the sealing mate 
rial was cured without any significant problems because the 
ultraviolet light was not blocked or hindered by the electrode 
layers 3 and 7. However, when the ultraviolet rays irradiate 
the sealing material disposed in a portion of the display where 
the striped patterns of electrode layers 3 and 7 are present (i.e., 
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the upper and the left sides in FIG. 2) the presence of the 
electrode layers 3 and 7 hinders the ultraviolet rays from 
effectively reaching the sealant between the substrates 1 and 
9 thus requiring more pulses and/or higher energy pulses to 
fully cure the sealant in these regions of the display. If the 
sealant is not properly cured by an adequate exposure to 
ultraviolet light, air and moisture will then be allowed to 
penetrate through the sealant and into the emissive layers to 
cause deterioration of a display. 
0048. The present invention has 10 embodiments. The first 
three embodiments concentrate on the auxiliary layers in both 
structure and in method of making. Organic layers on top of 
the auxiliary layers are more easily removed via exposure to 
a laser than if the auxiliary layers were not present. 

FIRST EMBODIMENT 

0049 Turning now to FIG. 3, FIG. 3 is a plane view illus 
trating an organic electro luminescent display according to a 
first embodiment of the present invention, and FIGS. 4A to 
4D are cross-sectional views illustrating a process for making 
the organic electro luminescent display of FIG.3 according to 
an embodiment of the present invention. 
0050 Referring to FIG. 4A, a first electrode (or anode 
electrode) 110 is deposited on substrate (or lower substrate) 
100. First electrode is made out of a transparent and conduc 
tive material such as ITO (indium tin oxide), IZO (indium 
Zinc oxide) or ICO (indium cesium oxide). This transparent 
first electrode material is deposited and patterned on the lower 
insulating substrate 100, and a transparent anode electrode, in 
other words, the first electrode 110 formed in the pixel por 
tion. Lower substrate 100 may be a transparent substrate 
made out of an electrically insulating material, such as glass. 
0051. In the first embodiment, the auxiliary layers 120 and 
130 are made out of the same material as the first electrode 
110. Therefore, the auxiliary layers 120 and 130 are deposited 
and patterned on lower substrate 100 at the same time as when 
the first electrode 110 is deposited and patterned on lower 
substrate 100. Auxiliary layer 120 is formed at cathode con 
tact A while auxiliary layer 130 is formed at encapsulating 
junction region B. 
0052. After forming the auxiliary layer 130 on the encap 
Sulating junction region B, the auxiliary layer 120 on the 
cathode contact A, and the anode 110 of the pixel portion, a 
pixel defining layer 140 is deposited and patterned on first 
electrode 110 covering parts of first electrode 110 and leaving 
other parts of the top surface of first electrode exposed. The 
pixel defining layer 140 is preferably an inorganic material 
and a polymer Such as an acrylic photoresist or a polyimide. 
0053 Next, the organic layer 150 is deposited to cover the 
pixel defining layer 140, the exposed portions of the first 
electrode 110, the auxiliary layers 120 and 130, and over 
exposed portions of lower substrate 100. The organic layer 
150 is preferably formed by spin coating. The organic emis 
sion layer 150 preferably includes at least an emission layer 
(EML) and has a multi-layered structure made up of at least 
one of a hole injection layer (HIL), a hole transporting layer 
(HTL), an emission layer(EML), an electron transporting 
layer (ETL), and an electron injection layer (EIL). 
0054 Referring now to FIG. 4B, after forming the organic 
layer 150, the organic layers on the auxiliary layers 120 and 
130 over cathode contact A and the encapsulating junction 
region B of the substrate are removed. The process of selec 
tively removing the organic layers 150 from the auxiliary 
layers 120 and 130 is preferably accomplished by exposing 
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these portions of organic layers 150 with light pulses from a 
laser. This process of removing the organic layers 150 using a 
laser is called laserablation. In addition, a type of the laser can 
be selected from an UV based one (Eximer laser, Nd:YAG 
laser, etc) to an IR based one (Nd:YAG, CO laser, etc) 
according to a material of a light Source. 
0055. After removing the organic layers from the tops of 
the auxiliary layers 120 and 130, a conductive material is then 
deposited and patterned on the structure to form the second 
electrode or cathode electrode 160. The cathode electrode 
160 performs a role of transporting electrons to the electron 
transporting layer of organic layer 150 by using a metal 
electrode such as Al, Mg, Ag, Cathat has a low work function. 
0056 Referring now to FIGS. 4C and 4D, after forming 
the cathode electrode 160, an upper substrate 180 is attached 
to the top of the electro luminescent display using an encap 
sulating adhesive 170. The encapsulating adhesive is formed 
over auxiliary layer 130 which is over encapsulating junction 
region B of lower substrate 100. Therefore, encapsulating 
adhesive 170 is formed around the periphery of the electro 
luminescent display and Surrounds the pixel region. 
0057 Referring to FIG. 5, FIG. 5 is a graph illustrating 
empirically the amount of an organic layer 150 that is 
removed by a laser based on the number of laser pulses and 
the energy intensity of each pulse. FIG. 5 is for the scenario of 
where the organic layers 150 is supported by auxiliary layers 
120 and 130. FIG. 5 is to be compared with FIG. 1 which 
illustrates removal thicknesses of the organic layers when the 
organic layers 150 are not on top of an auxiliary layer. In the 
method for removing foreign substances on the substrate 100 
where the foreign Substances are organic layers on top of an 
auxiliary layer 120/130, by using the auxiliary layers 120 and 
130, the organic layers are more easily removed since less 
pulses and less intensity is needed to remove the organic 
layers when they are supported by auxiliary layers 120 and 
130. It is to be appreciated that other materials can also be 
removed by the laser in addition to the organic layers. There 
fore, in this specification, foreign Substances includes the 
organic layers but is not limited thereto. Less number of 
pulses and less intensity of pulses means that the remainder of 
the electro luminescent display Sustains less damage from the 
laser pulses when auxiliary layers 120 and 130 are used (FIG. 
5) compared to when they are not used (FIG. 1). 
0058 FIG. 5 illustrates that 12 pulses with an energy 
intensity of 75 J/cm can remove the entire organic layer if the 
organic layer is supported by auxiliary layers 120 and 130. 
This compares with 25 pulses of 100 J/cm2 for when the 
organic layers are not supported by the auxiliary layers. 
Because having the auxiliary layers 120 and 130 present 
allows for the removal of the organic layers with less pulses 
with less intensity, the other parts of the electro luminescent 
display Sustain less damage when auxiliary layers 120 and 
130 are incorporated into the design. 
0059 More preferably, a removing depth of the organic 
layer can be maximized by irradiating the laser with energy 
density not less than 125 m.J/cm. That is, when the organic 
layers are removed by using the auxiliary layer and the laser, 
energy required for removing the organic layers is Small. 

SECONDEMBODIMENT 

0060. The organic electro luminescent display according 
to a second embodiment has a similar structure as that of the 
first embodiment except the material used for the auxiliary 
layers 120 and 130 is different. In the second embodiment, the 
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material used in the auxiliary layers 120 and 130 is the same 
as the material used in pixel defining layer 140. Therefore, 
pixel defining layer 140 and the auxiliary layers 120 and 130 
can be formed at the same time. The pixel defining layer and 
the auxiliary layers are deposited at the same time and the 
patterning and etching of the pixel defining layer 140 and 
auxiliary layers 120 and 130 are accomplished in a single 
step. As discussed previously, the pixel defining layer 140 is 
preferably an inorganic material and a polymer Such as an 
acrylic photoresist or a polyimide. By having the auxiliary 
layers 120 and 130 made out of the same material as the pixel 
defining layer 140, the number of pulses needed and the 
energy intensity of each pulse to remove the organic layer is 
reduced from the case of FIG. 1 where no auxiliary layers 
were present. 

THIRD EMBODIMENT 

0061 The organic electro luminescent display according 
to a third embodiment has a similar structure as that of the first 
embodiment except that the auxiliary layers 120 and 130 for 
removing the organic layers 150 are formed by using mate 
rials having a laser energy absorption rate higher than that of 
the organic layer 150 for the laser wavelength used to remove 
the organic layer. 
0062 That is, after forming the pixel defining layer 140 in 
the first embodiment, the auxiliary layers 120 and 130 are 
formed on the cathode contact A and the encapsulating junc 
tion region B by depositing and patterning materials having a 
higher laser energy absorption rate for the laser wavelength 
used in the removal process 
0063. The third embodiment is not necessarily mutually 
exclusive from the first or the second embodiment. For 
example, use of ITO, IZO or ICO could result in the auxiliary 
layer having a higher absorption of the laser light than the 
organic layer and thus the auxiliary layers 120 and 130 can 
still be made at the same time as the first electrode 10. Also, 
use of acrylic photoresist or polyimide for auxiliary layers 
120 and 130 may have a higher absorption than organic emis 
sion layer 150 and thus the auxiliary layers 120 and 130 can 
be made at the same time that the pixel defining layer 140 is 
made. 
0064. Now embodiments 4 through 10 will now be dis 
cussed. In these embodiments, the focus is on an ultraviolet 
cured sealant used to fix a top substrate to the bottom sub 
strate. A reflecting plate and/or a wave guide is placed adja 
cent to the sealant so that the sealant can be cured with less 
ultraviolet light than if no reflecting plate or waveguide is 
used. Consequently, by using less ultraviolet light to cure, the 
remaining parts of the electro luminescent display are Sub 
jected to less ultraviolet radiation and thus less damage 
results. 

FOURTHEMBODIMENT 

0065 Turning now to FIGS. 6A and 6B, FIG. 6A is an 
exploded perspective view illustrating an organic electro 
luminescent display according to a fourth embodiment of the 
invention, and FIG. 6B is a cross-sectional view taken along 
the I-I" direction of FIG. 6A. Referring to FIGS. 6A and 6B, 
the organic electro luminescent display of the fourth embodi 
ment of the present invention has a structure that a lower 
insulating Substrate 200 having a pixel portion is bonded to an 
upper Substrate 320 at an encapsulating junction region, the 
plurality of pixels being located in the pixel portion. That is, 
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in the organic electro luminescent display of the present 
invention, the pixel portion is formed on the upper side of the 
transparent lower insulating substrate 200, and can beformed 
in a typical structure of the organic electro luminescent dis 
play. The fourth embodiment can be either a passive matrix or 
an active matrix using thin film transistors or TFTs. 
0066 For example, when the organic electro luminescent 
display L is formed in a passive matrix (PM) type, the pixel 
portion is made up of electrode layers corresponding anode 
and cathode electrodes, respectively, and organic layers hav 
ing emission layer disposed on positions corresponding to the 
common portions where the anode and cathode layers cross 
each other. When the organic electro luminescent display is 
formed in a active matrix (AM) type, the pixel portion can 
further include thin film transistors TFTs. The fourth embodi 
ment of the present invention can be applied to any structure 
with the pixel portion, however, for example, an active matrix 
organic electro luminescent display will now be described in 
conjunction with FIG. 7. 
0067 Turning now to FIG. 7, FIG. 7 illustrates a cross 
sectional view illustrating an active matrix type pixel and an 
encapsulating junction region according to the fourth 
embodiment of the present invention. FIG. 8 is a cross-sec 
tional view illustrating an encapsulating junction region of 
the organic electro luminescent display according to the 
fourth embodiment of the invention. The organic electro 
luminescent display according to the fourth embodiment of 
the present invention has a structure that includes a reflecting 
plate 267 adjacent to sealant 330. Reflecting plate 267 and 
sealant 330 are disposed in the encapsulation portion region 
of the electro luminescent display. Sealant 330 permanently 
binds the upper substrate 320 to the lower substrate 200. 
0068 Referring to FIGS. 7 and 8, a method for fabricating 
the organic electro luminescent display having the reflecting 
plate 267 in the encapsulating junction region will now be 
described. Referring to FIG.7, a buffer layer 210 is formed on 
the lower insulating substrate 200 to prevent impurities such 
as metalions diffused from the lower insulating substrate 200 
from penetrating to an active layer. After forming the buffer 
layer 210, amorphous silicon is deposited and crystallized on 
the buffer layer 210 to form a polycrystalline silicon layer, 
which is then patterned to form the active layer 220. A gate 
insulating layer 230 is deposited on all surfaces of the lower 
insulating Substrate 200 containing the active layer, and gate 
metal is deposited and patterned on the gate insulating layer to 
form a gate electrode 240. 
0069. After forming the gate electrode 240, an impurity 
having a predetermined conductive type is doped in the active 
layer by using the gate electrode 240 as a mask to form 
Source/drain regions 221. and 225. A region with no impurity 
doped between the source region 221 and the drain region 225 
acts as a channel region 223. After forming the source/drain 
regions 221 and 225 on the active layer 220, an interlayer 
insulating layer 250 is formed over the entire surface of the 
lower insulating substrate 200, and contact holes 251 and 255 
are formed to expose Some portions of the source/drain 
regions 221 and 225 on the interlayer insulating layer 250. 
0070. After depositing a conductive material on the inter 
layer insulating layer 250 including the contact holes 251 and 
255, the conductive material is patterned to form source/drain 
electrodes 261 and 265 connected to the source/drain regions 
221 and 225 through the contact holes, thereby forming a TFT 
(T) consisted of the active layer 220, a gate electrode 240, and 
the source? drain electrodes 261 and 265, etc. 
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(0071. In this case, when the source/drain electrodes 261 
and 265 are formed, a reflecting plate 267 of a metal thin layer 
consisted of the conductive material is also formed in the 
encapsulating junction region of the lower insulating Sub 
strate 200 at the same time. A metal having a good reflectivity 
is used for the conductive material, and generally Al, Cr, Mo, 
W. Ti, Ta, or alloy thereof is used for the same. After forming 
the reflecting plate 267 of the encapsulating junction region 
and the source/drain electrodes 261 and 265, a passivation 
layer 270 is deposited on the lower insulating substrate 200, 
and a via-hole 275 is formed on the passivation layer 270 to 
expose some portions of one of the source electrode 261 and 
the drain electrode 265, for example, some portions of the 
drain electrode 265. 

0072 After depositing a lower electrode material on the 
passivation layer 270 including the via-hole 275, the lower 
electrode is patterned to form a lower electrode 280 electri 
cally connected to the drain electrode 265 through the via 
hole 275. After forming the lower electrode 280, a pixel 
defining layer 290 is deposited on the entire surface of the 
lower insulating substrate 200 and patterned to forman open 
ing portion 295 that exposes some portions of the lower 
electrode 280. 

0073. An organic layer 300 is then formed on the pixel 
defined layer 290 including the opening portion 295. And an 
upper electrode 310 is formed on the organic layer 300 over 
the entire surface of the lower insulating substrate 200 to form 
a light emitting element (LE) made up of the lower electrode 
280, organic layer 300, and the upper electrode 310. The 
lower insulating substrate 200 is then encapsulated to the 
upper substrate 320 by using a sealant 330 in the encapsulat 
ing junction region. 
0074 The sealant 330 is preferably a light-curing sealant, 
and more preferably a light curing sealant capable of being 
cured not only by exposure to light in an ultraviolet range but 
also to light in the visible range. 30Y-296G (three bond), 
XNR5516 (Nagase Ciba), electrolyte, or Kyoritsu are prefer 
ably used for the sealant 330. 
0075. In addition, the thickness “L” in FIG.8 of the sealant 
330 is a distance between the reflecting plate 267 and the 
upper substrate 320. This thickness L is preferably set to 
cause constructive interference in the light used to cure the 
sealant 330. Constructive interference is to occur between the 
incident light and the light reflected off the reflecting plate 
267. The optimal distance L between the reflecting plate and 
the opposite substrate can be determined by the following 
equation: 

0076 And ultraviolet rays or visible rays are then irradi 
ated on the upper substrate 320 to cure the sealant 330. The 
optimal range for wavelength used to cure the sealant is from 
200 nm to 700 nm. Another design consideration is that it is 
preferable to have at least 25% of the total surface area of the 
sealant 330 in contact with reflecting plate 267. As discussed 
earlier, it is preferable to form the reflecting plate 267 and the 
source? drain electrodes 261 and 265 at the same time to 
reduce the number of processing steps and to reduce manu 
facturing costs in the fourth embodiment. Alternatively, the 
reflecting plate 267 can be deposited and patterned at the 
same time as when the gate electrode 240 is formed. Alterna 
tively, the reflecting plate 267 can be formed at the beginning 
of the process, before buffer layer 210 is formed on lower 
insulating substrate 200. Before forming the buffer layer 210, 



US 2009/0179565 A1 

a material having good reflectivity, such as any one metal of 
Al, Mo, Ti, Ag and Mg, or an alloy containing at least one of 
these metals (i.e., Mo? A1/Mo, Ti/Al/Ti) may be deposited and 
patterned on the lower insulating substrate 200 to form the 
reflecting plate 267 in the encapsulatingjunction region of the 
display. 
0077. In another design consideration, the width of the 
reflecting plate 267 in FIG. 8 is illustrated to be larger than the 
contact area of the sealant 330, however, the width of the 
reflecting plate 267 may be formed to be smaller than the 
contact area contact area of the sealant 330. In such a sce 
nario, the sealant 330 may contact lower insulating substrate 
2OO. 

0078. The inclusion of the reflecting plate 267 in the 
design of the electro luminescent display attached to a light 
cured sealant 330 in the edge or encapsulationjunction region 
is advantageous for the following reason. Light used to cure 
the sealant 330 also exposes other portions of the electro 
luminescent display. This light used to cure the sealant 330 
can damage other parts of the electro luminescent display. By 
placing a reflective plate in the encapsulation junction region 
of the display, less incident light energy is needed to cure the 
sealant because both the incident light and the reflected light 
can be used to cure the sealant. Therefore, the intensity of the 
incident light needed to cure the sealant is less if the reflecting 
plate is present. Therefore, because less incident light is 
needed to cure the sealant, less damage is Sustained by the 
electro luminescent display during the curing process. 
0079 Turning now to FIGS. 9 and 10, FIGS. 9 and 10 
illustrate top views of electro luminescent displays according 
to the fourth embodiment of the present invention. As is 
clearly illustrated in FIGS. 9 and 10, the width of the sealant 
330 is greater than the width of the reflecting plate 267. 
Therefore, in the designs illustrated in FIGS. 9 and 10, the 
sealant 330 may be in contact with lower insulating substrate 
2OO. 

0080. In FIG.9, the reflecting plate 267 is formed as one 
continuous piece in the form of a closed square. Alternatively, 
in FIG. 10, the reflecting plate 267 is formed of four discrete 
portions disconnected from each other. It is to be appreciated 
that the reflecting plate 267 does not serve to conduct elec 
tricity, and thus having four discrete segments in FIG. 10 
works just as well as one continuous closed piece in FIG. 9. 

FIFTHEMBODIMENT 

0081 FIG. 11 is a cross-sectional view showing the encap 
Sulating junction region of the organic electro luminescent 
display in accordance with a fifth embodiment of the inven 
tion. The organic electro luminescent display according to the 
fifth embodiment has a similar structure as that of the fourth 
embodiment except the location of the reflecting plate 267. 
The reflecting plate 267 in the fifth embodiment of the present 
invention is in an inside surface of upper substrate 320 instead 
of being on the inside Surface of lower insulating Substrate 
200. In order to form the structure of FIG. 11, after forming 
the TFT and the light emitting element LE on the lower 
insulating substrate 200 as illustrated in FIG. 7, a metal thin 
layer is then deposited and patterned on the inner side of the 
upper substrate 320 to form the reflecting plate 267 in the 
encapsulating junction region. As in the fourth embodiment, 
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the upper substrate 320 is bonded to the lower insulating 
substrate 200 by using the sealant 330 in the encapsulating 
junction region. 

SIXTHEMBODIMENT 

I0082 FIG. 12 is a cross sectional view showing an encap 
Sulating junction region of the organic electro luminescent 
display in accordance with a sixth embodiment of the inven 
tion. The organic electro luminescent display according to the 
sixth embodiment has a similar structure as that of the fourth 
and fifth embodiments except for the location of the reflecting 
plate 267. In the sixth embodiment, the reflecting plate 267 is 
located on the outer side of lower insulating plate 200. In the 
sixth embodiment as in the fourth and the fifth embodiments, 
the reflecting plate is located only in the encapsulated junc 
tion region at the edges of the electro luminescent display. 
0083. In order to make the structure of FIG. 12, after 
forming the TFT and the light emitting element on the lower 
insulating substrate 200 as illustrated in FIG. 7, the upper 
substrate 320 is bonded to the lower insulating substrate 200 
by using the sealant 330 in the encapsulating junction region. 
After encapsulating the upper substrate 320 to the lower 
insulating substrate 200, a metal thin layer is deposited and 
patterned on an outer side of the lower insulating Substrate 
200 to form the reflecting plate 267 in the encapsulating 
junction region. 

SEVENTHEMBODIMENT 

I0084 FIG. 13 is a cross sectional view showing an encap 
Sulating junction region of the organic electro luminescent 
display in accordance with a seventh embodiment of the 
invention. The organic electro luminescent display according 
to the seventh embodiment has a similar structure as that of 
the fourth embodiment but that the reflecting plate 267 is 
formed on an outer side of the upper insulating plate 320 as 
opposed to an inner side of lower insulating substrate 200. 
0085. In order to form the structure of FIG. 13, after form 
ing the TFT and the light emitting element on the lower 
insulating substrate 200 as illustrated in FIG. 7, a thin metal 
layer is deposited and patterned on the outer side of the upper 
substrate 320 to form the reflecting plate 267 in the encapsu 
lating junction region. After forming the reflecting plate 267 
in the encapsulating junction region on the outer side of the 
upper substrate 320, the upper substrate 320 is then bonded to 
the lower insulating substrate 200 by using the sealant 330 in 
the encapsulating junction region. 

EIGHTHEMBODIMENT 

0086 FIG. 14A and FIG. 14B are a cross sectional view 
showing an encapsulating junction region of the organic elec 
tro luminescent display inaccordance with an eighth embodi 
ment of the invention. The organic electro luminescent dis 
play according to the eighth embodiment has a similar 
structure as that of the fourth embodiment except that a 
waveguide 217 is formed on the inner side of lower insulating 
substrate instead of the reflecting plate 267. Preferably the 
wave guide is unevenness or a convex lens. FIG. 14A illus 
trates the wave guide 217 as unevenness. FIG. 14B illustrates 
wave guide 217 as a convex lens. 
I0087. Referring to FIG. 14A and FIG. 14B, the waveguide 
217 of the organic electro luminescent display according to 
the eighth embodiment is formed on the inner side of the 
encapsulating junction region of the lower insulating Sub 
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strate 200 during the process of forming the TFT having the 
structure illustrated in FIG. 7 in the pixel portion. After depos 
iting and patterning the buffer layer 210, the wave guide 217 
is formed in a position corresponding to the encapsulating 
junction region of the lower insulating substrate 200. 
0088 Alternatively, the wave guide 217 may be formed 
simultaneous to the patterning the gate insulating layer 230 
and after depositing the gate insulating layer 230. Alterna 
tively, wave guide 217 can be formed simultaneous to the 
etching of the interlayer insulating layer 250 to form the 
contact holes 251 and 255. Alternatively, the wave guide 217 
may be formed simultaneous to the etching of the passivation 
layer 270 to form the via-hole 275. 
0089 Another alternative is to form a multi-layered wave 
guide 217 that is formed simultaneous to the formation of the 
buffer layer 210, gate insulating layer 230, interlayer insulat 
ing layer 250, and passivation layer 270. Alternatively, wave 
guide 217 made out of material having the optical transmis 
sivity may be formed in a separate process step separate from 
the process of forming the other layers in FIG. 7. 
0090 The wave guide 217 is formed by adjusting an angle 
in consideration of a refraction index of the incident light, and 
makes the incident light focused on the sealant 330 of the 
encapsulating junction region to be formed later by the refrac 
tion. 

NINTHEMBODIMENT 

0091 FIG. 15A and FIG. 15B are a cross-sectional view 
showing an encapsulating junction region of the organic elec 
tro luminescent display in accordance with a ninth embodi 
ment of the invention. The organic electro luminescent dis 
play according to the ninth embodiment has the same 
structure in the pixel portion as that of the eighth embodiment 
except that the wave guide 217 is formed on an inner surface 
of the upper substrate 320 instead of on the inner surface of 
the lower insulating substrate. FIG. 15A illustrates wave 
guide 217 as unevenness and FIG.15B illustrates wave guide 
217 as a convex lens. 
0092. The method of forming the structure if FIG.15A and 
FIG. 15B is as follows. After forming the TFT and the light 
emitting element on the lower insulating substrate 200, a 
material having optical transmissivity is deposited on the 
inner side of the upper substrate 320. The material having the 
optical transmissivity is then patterned to form the waveguide 
217 on the inner of the upper substrate 320 in the encapsula 
tionjunction region. After forming the wave guide 217 on the 
inner side of the encapsulating junction region in the upper 
substrate 320, the lower electrode 280, the organic layer 300, 
and the upper electrode 310 are then formed on the upper 
Substrate 320. 

TENTHEMBODIMENT 

0093 FIG. 16A and FIG. 16B are a cross-sectional view 
illustrating an encapsulating junction region of the organic 
electro luminescent display in accordance with a tenth 
embodiment of the invention. The organic electro lumines 
cent display according to the tenth embodiment has the TFT 
and the light emitting element shown in FIG. 7 in the pixel 
portion, and has two wave guides 217, one formed on the 
inner surface of the upper substrate 320 and one formed on the 
inner surface of the lower insulating substrate 200. FIG.16A 
illustrates wave guide 217 as unevenness while FIG. 16B 
illustrates wave guide 217 as a convex lens. 
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0094. The wave guide 217 is formed on the inner side 
lower insulating substrate 200 is formed according to the 
same processes as that described in the eighth embodiment of 
FIG. 14A and FIG. 14B. The wave guide 217 formed on the 
inner side upper Substrate 320 is made according to a process 
described in the formation of the wave guide 217 in the 
discussion of FIGS. 15A and 15B (the ninth embodiment). 
That is, the lower electrode 280, the organic layer 300, and the 
upper electrode 310 are then formed on an inner surface of 
upper substrate 320 after waveguide 217 is formed in the 
inner surface of upper substrate 320. 
0.095. In addition, in the above-mentioned embodiments 
of the invention, an organic electro luminescent display hav 
ing enhanced curing efficiency is disclosed by using both a 
reflecting plate and a wave guide formed in the upper Sub 
strate 320 or the lower insulating substrate 200 either respec 
tively or anti respectively. Alternatively, two reflecting plates 
may be used, one attached to a surface of the upper Substrate 
320 and one attached to a surface of lower insulating substrate 
200. The reflecting plates formed on both sides of the organic 
electro luminescent display are preferably formed to have a 
mirror attached to. 
0096. According to the invention, auxiliary layers are 
formed to remove organic layers on the encapsulating junc 
tion region, so that the invention can provide an organic 
electro luminescent display capable of easily removing the 
organic layers formed on the encapsulating junction region 
during the process of forming organic layers. In addition, the 
invention can provide a method for fabricating the organic 
electro luminescent display with reduced damage in the pixel 
portion by removing the organic layers disposed on auxiliary 
layers by a laser instead of removing the organic layers 
directly formed on the substrate. 
0097. Furthermore, according to the invention, a reflecting 
plate is disposed in the encapsulating junction region, so that 
the light emitted from the light source is reflected by the 
reflecting plate for curing the sealant, thereby enhancing the 
curing State of the sealant and putting the encapsulation of the 
substrates in better condition. In addition, with the reflective 
plate, the curing time is reduced, resulting in less damage 
Sustained in the pixel regions of the display. 
0098. While the invention has been described with refer 
ence to a particular embodiment, it is understood that the 
disclosure has been made for purpose of illustrating the 
invention by way of examples and is not limited to limit the 
Scope of the invention. And one skilled in the art can make 
amend and change the invention without departing from the 
Scope and spirit of the invention. 

1-43. (canceled) 
44. An organic electro luminescent display, comprising: 
a lower insulating Substrate; 
a plurality of thin film transistors (TFTs) and a plurality of 

light emitting elements arranged on the lower insulating 
Substrate; 

an upper Substrate bound to the lower insulating Substrate; 
an encapsulating junction region Surrounding and outside 

of the TFTs and light emitting elements, the encapsulat 
ing junction region to attach the upper Substrate to the 
lower insulating Substrate via a sealant; and 

an auxiliary layer arranged within in the encapsulating 
junction region of the display. 

45. The display of claim 44, wherein the auxiliary layer is 
arranged on a layer being selected from a group consisting of 
the upper Substrate and the lower insulating Substrate. 
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46. The display of claim 44, wherein the auxiliary layer is 48. The organic electro luminescent display of claim 44. 
arranged on an outer side of one of the upper Substrate and the the auxiliary layers aid in removal by laser of organic layers 
lower insulating Substrate. arranged on the auxiliary layers. 

47. The display of claim 44, wherein the auxiliary layers 
are reflecting plates. ck 


